Abstract: Elderly patients are inherently predisposed to dysphagia predominately because of comorbid health conditions. With the aging of the population in the United States, along with the increased prevalence of obesity and gastroesophageal reflux disease, healthcare providers will increasingly encounter older patients with either oropharyngeal or esophageal disease and complaints of dysphagia. Useful tests to evaluate dysphagia include the videofluoroscopic swallowing study and the fiberoptic endoscopic evaluation of swallowing. Swallow rehabilitation is useful to help patients compensate for swallowing difficulty and ultimately help strengthen the neuromusculature involved in swallowing.
its prevalence in community-dwelling persons over age 50 years is estimated to be between 15% and 22%. [2] [3] [4] The prevalence of dysphagia is even higher in those residing in assisted living facilities and nursing homes, where up to 40% to 60% of residents are reported to have feeding difficulties. 4, 5 Irrespective of age, dysphagia is commonly associated with certain diseases such as cerebrovascular accidents, amyotrophic lateral sclerosis, Parkinson disease (PD), myasthenia gravis, and tardive dyskinesia, all of which increase in prevalence with aging. The prevalence of dysphagia is expected to increase rapidly in the near future, given the demographic trends in the United States. According to data released by the US Census Bureau, between January 2000 and July 2009, the total US population increased by 9%, the number of persons age 65 years and older increased by 13%, and the number of persons age 85 years and older increased by 32%. For the next 18 years, 10,000 more Americans will become Figure 1 . Salient features of the normal swallowing mechanism. A: The transported portions of processed (solid) food keep accumulating on the pharyngeal surface of the tongue and in the valleculae, and the bolus in the oropharynx enlarges with each transport cycle. The duration of bolus aggregation may range from a fraction of a second to 10 seconds. B: During the pharyngeal phase, the nasal cavity, oral cavity, and larynx are sealed off, and the bolus is advanced through the pharynx and into the esophagus by pharyngeal peristalsis. C: Airway protection is an essential feature of swallowing and is multitiered. Airway protection includes adduction of the true vocal cords, vertical approximation of adducted arytenoids, tilting back of the epiglottis closing the laryngeal vestibule, tucking of the sealed airway under the base of the tongue away from the bolus path, and neuronal suppression of respiration while the bolus is passing through the pharynx. D: Once the bolus is passed on to the esophagus, the airway returns to its open state. The oropharyngeal phase of swallowing begins with adduction of the vocal cords and ends with a return to their normal position. seniors each day because of the aging Baby Boomer population. It is expected that by 2030, 1 in 5 US residents will be age 65 years or older. 6 With the rapid growth of the aging population, it is not surprising that dysphagia is increasingly recognized as an important national healthcare issue that is associated with enormous cost.
What Is the Physiology of Normal Swallowing?
Swallowing represents a function that involves more than 30 nerves and muscles. 7 Bolus preparation and passage from the oral cavity into the esophagus are volitional, while further passage across the aerodigestive tract to the stomach is reflexive. After initiation of a swallow, it takes less than 1 second for a bolus to reach the esophagus 2 and an additional 10 to 15 seconds to complete the swallow. On average, a person performs approximately 600 swallows each day effortlessly. The swallowing centers are bilaterally represented within the central nervous system, and the degree of each hemispheric representation seems to be critical in determining recovery of the swallowing function after a dysphagic stroke. 8 Swallowing is conventionally described as 3 anatomic phases: oral, pharyngeal, and esophageal ( Figure 1 ). The oral phase is the volitional component of swallowing activity, which prepares and propels food into the pharynx and involves use of the cranial nerves V (trigeminal), VII (facial), and XII (hypoglossal). The pharyngeal phase of swallowing involves sealing of the airway and projection of the bolus into the esophagus. This mechanism is mediated reflexively and involves cranial nerves V (trigeminal), X (vagus), XI (accessory), and XII (hypoglossal). The esophageal phase further propels the bolus into the stomach by coordinated esophageal peristalsis and relaxation of the lower esophageal sphincter. Salient features of the normal swallowing mechanism are depicted in Figure 1 .
What Is the Effect of Aging on the Swallowing Mechanism?
Normal aging is associated with cerebral atrophy, deterioration in nerve function, and a region-dependent decline in muscle mass, 9 which may adversely affect swallowing function. 10, 11 Furthermore, the effects of age on the temporal evolution of isometric and swallowing pressure seems to progress with time. [12] [13] [14] [15] Thus, many asymptomatic elderly persons-84% in one report-demonstrate videofluoroscopic changes in pharyngeal swallow compared with what is considered normal in healthy young adults. 16 However, in otherwise healthy elderly persons, effects of aging on swallow remain compensated without reaching a symptomatic level. Despite radiographically documented prolongation of the oral 14 and pharyngeal 12 phases, the coordination among motor events measured manometrically is affected little if any, 14, 17 and pharyngeal swallow remains remarkably robust in otherwise healthy elderly persons, as indicated by relative preservation of bolus clearance. 18 Therefore, despite physiologic changes in the swallowing mechanism due to aging, dysphagia cannot be attributed to normal aging alone, and its presence suggests the need for investigation to identify potentially treatable causes.
What Are Common Causes of Dysphagia in the Elderly?
Diverse disease entities associated with either oropharyngeal (Table 1) or esophageal (Table 2 ) dysfunction may cause dysphagia in the elderly. Oropharyngeal dysphagia in the elderly is most commonly caused by stroke, occurring in one-third of all stroke patients. [19] [20] [21] Esophageal dysphagia may result from a number of motor or mechanical causes ( Table 2 and Figure 2 ). In some patients, no cause can be identified, and such cases have been categorized as functional dysphagia. 22 Despite diverse etiologies of dysphagia, mechanistically, swallowing disruption is caused by either disordered motility or encroachment from within or outside (mechanical dysphagia) the oropharyngoesophageal bolus conduit. Identifying the distinctions between motor and mechanical or oropharyngeal and esophageal dysphagia is not only important in relation to etiology but is key in management.
What Are the Important Diagnostic Clues?
The evaluation and management of dysphagia is a multidimensional task and often requires a multidisciplinary approach. Important initial steps include confirming the presence of a swallowing dysfunction; defining its anatomic level (oropharyngeal vs esophageal), its mechanism (motor vs mechanical), and underlying specific etiology; and ascertaining the integrity of oropharyngeal swallow and the degree of risk or presence of silent or overt aspiration. Subsequent assessment must determine the patient's abilities and impairments and the degree to which these impairments can be improved.
A careful history remains the cornerstone of any dysphagia evaluation, 23 and a thorough review of symptoms can differentiate esophageal from oropharyngeal dysphagia 24 and predict the specific cause of dysphagia with an accuracy of approximately 80% confirmed by specific testing. 25, 26 How a patient describes his or her difficulty and its timing, associated symptoms, and other characterizations (Table 3 ) may specifically denote the anatomic level of swallowing dysfunction. Although symptoms of chronic heartburn, hematemesis, coffee ground emesis, and anemia in a patient with dysphagia point to the presence of
complications of gastroesophageal reflux disease (GERD), such as erosive esophagitis, peptic stricture, and esophageal adenocarcinoma, neither the presence nor absence of the symptom of heartburn has significant diagnostic value. At least one-third of patients with esophageal adenocarcinoma 27 and approximately one-fourth of patients with peptic stricture 28 have been shown to have no heartburn prior to diagnosis. On the other hand, more than 40% of patients with achalasia have a history of heartburn, although its cause remains controversial. 29 
Which Medications Might Affect the Swallowing Function in the Elderly?
Drugs may affect the swallowing function in 3 major ways. 30 A number of commonly used medications, through pharmacologic actions on the central nervous system, neuromuscular transmission, or myotoxic effects, may inhibit smooth and striated muscle function, hampering swallow activity and bolus transit and reducing lower esophageal sphincter tone. Both mechanisms may add up to an increased incidence and severity of GERD and peptic stricture. Additionally, drug-related xerostomia may affect the ability to chew foods, initiate swallows, and form and transport bolus. Furthermore, there is an increased risk of mouth infections, and patients may have difficulty in retaining their dentures. 31 Dysphagia also may result as an adverse effect or complication of medications. Chemotherapy, immunosuppression, and long-term antibiotic therapy are well known to facilitate opportunistic esophageal infections and stricture formation. Sulfa-containing drugs also have been associated with systemic allergic complications such as StevensJohnson syndrome 32 and may involve the food pipe. Medication-induced esophageal injury usually caused by local irritation of the esophageal mucosa and referred to as pill esophagitis [33] [34] [35] [36] [37] may lead to swallowing difficulties. In the United States, pill esophagitis is mostly caused by tetracyclines, potassium chloride formulations, nonsteroidal anti-inflammatory drugs, alendronate, and quinidine. 38, 39 The most common site for pill-associated esophagitis is near the level of the aortic arch, an area characterized by compression from the arch, skeletal to smooth muscle transition, and physiologic reduction in the amplitude of the esophageal peristaltic wave. 40 The risk of the development of pill esophagitis is enhanced if medications are taken in the supine position and prior to sleeping, 34 as the frequency of swallowing and the ability of the saliva to dilute medications in the esophagus are diminished during sleep. 41, 42 Other factors include drug intake without sufficient water/fluid, polypharmacy, the size and shape of a pill, 43 esophageal motility disorders or compression, [44] [45] [46] or entrapment by fixed mediastinal structures and adhesions following prior chest surgery. [47] [48] [49] Elderly patients are particularly at risk for development of drug-related dysphagia and pill esophagitis because they consume more medications and are more likely to have anatomic and motility abnormalities, cardiac enlargement with concomitant compression of the mid- 
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esophagus, and decreased saliva production. 50, 51 Thus, a detailed review of medications and when they are taken is an important component of dysphagia evaluation.
How Important Is the Physical Examination?
A comprehensive physical examination should be part of the initial evaluation of all dysphagic patients. 52, 53 Information regarding the patient's speech and cognitive abilities, behavioral dysfunction, strength, and range of movement of the muscles involved in speech and swallowing directly influences decisions about the patient's suitability for swallowing therapy and the type of therapy chosen. 54, 55 Examination of the oral cavity, head, and neck may reveal poor dentition, masses, lymphadenopathy, goiter, pharyngeal pouch, signs of thyrotoxicosis (thyrotoxic myopathy), 56 or signs of prior surgery, tracheostomy, and radiotherapy. Diffuse dental erosions may point to underlying GERD. A palpable supraclavicular (Virchow) lymph node may suggest dysphagia caused by an abdominal malignancy (eg, adenocarcinoma of the esophagogastric junction). One can check laryngeal ascent by placing the index and middle fingers lightly on the hyoid and laryngeal cartilages, respectively, and asking the patient to swallow. Reduced laryngeal ascent is frequently seen in neurologic dysphagia. Physical features of collagen-vascular diseases, when present, may provide further evidence of esophageal dysfunction.
A neurologic examination is mandatory for evaluation of every dysphagia case of unknown cause and should include testing of all cranial nerves, particularly the sensory (cranial nerves V, IX, and X) and motor (cranial nerves V, VII, X, XI, and XII) components involved in swallowing. The presence of tremors, cogwheeling, rigidity, and gait disturbances may indicate PD, which is highly associated with dysphagia. 57, 58 The combination of motor and sensory abnormalities, particularly in the setting of longer disease duration and significant motor abnormalities, may suggest multiple sclerosis. 59 Proximal muscle weakness may be due to dermatomyositis or polymyositis. Myasthenia gravis is frequently associated (up to 70% of cases) with facial and pharyngeal weakness, and dysphagia is seen in approximately 30% of myasthenics. [60] [61] [62] 
What Is the Role of Laboratory Evaluation?
In most instances, the underlying cause of dysphagia is readily evident after obtaining a patient's history and performing a physical examination. Laboratory measurements may be helpful in confirming the provisional diagnoses of dysphagia or in detecting myasthenia gravis, inflammatory myopathies, or toxic myopathies (eg, thyrotoxic or myxedema myopathy). Serologic detection of acetylcholine receptor (AChR) antibodies is virtually diagnostic of myasthenia gravis. However, AChR antibodies are absent in approximately half of myasthenics without typical ocular findings. In such cases, the tensilon (edrophonium) stimulation test can be used. Alternatively, a diagnosis may be reached by using repetitive nerve stimulation or single fiber electromyography. 63, 64 Muscle enzyme essays that measure, for example, serum creatinine phosphokinase or the presence of antinuclear antibodies can be helpful in diagnosing inflammatory myopathies. Needle electromyography is useful in differentiating inflammatory myosites from neurogenic disorders but is not absolutely specific. 65 For a definitive diagnosis of myositis and to differentiate dermatomyositis, polymyositis, and inclusion body myositis, a muscle biopsy may be needed. 66 Thyroid function tests are helpful in diagnosing myxedema and thyrotoxicosis. Thyrotoxicosis is a reversible cause of dysphagia and should always be considered in the differential diagnosis, particularly in elderly patients in whom the more classical signs of thyrotoxicosis are usually absent.
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What Tests Should Be Performed?
Five major tests are currently in use for estimating and quantifying swallowing dysfunction: barium radiography, a videofluoroscopic swallowing study (VFSS; modified barium swallow), fiberoptic endoscopic evaluation of swallowing (FEES), upper endoscopy, and esophageal manometry. These tools are aimed at obtaining objective measurements of the timing, [68] [69] [70] [71] pressure, 72, 73 range, [74] [75] [76] and strength 77, 78 of movements of the swallowing apparatus, bolus flow, and clearance [79] [80] [81] [82] ; sensation [83] [84] [85] ; and airway protection along with the risk or presence of aspiration. 63 VFSS, often referred to as modified barium swallow, remains the most commonly used initial study for evaluating oropharyngeal dysphagia. 54, 86 This study is highly sensitive and can guide management for most of these patients, as it provides critical information about all 4 categories of oropharyngeal swallowing dysfunction: the inability or excessive delay in initiation of pharyngeal swallowing, aspiration of ingestate, nasopharyngeal regurgitation, and residue of ingestate within the pharyngeal cavity after swallowing. First introduced in 1988, FEES has evolved as a quick, valid, safe, low-cost, and precise bedside technique to evaluate dysphagia in all age groups and in all settings, including nursing homes and long-term care facilities. [87] [88] [89] Based on fiberoptic endoscopy findings in acute stroke patients, different dysphagia severity scales have been developed to help predict the outcome and intercurrent complications. 90 Despite controversies regarding their respective strengths and limitations, [91] [92] [93] the 2 modalities appear to be complementary rather than substitutes for each other. Whenever there is a clinical suspicion of mechanical oropharyngeal dysphagia, the VFSS should be the first study used because it could provide an anatomic road map for subsequent FEES.
In most cases of esophageal dysphagia, diagnosis is accomplished with a careful history and endoscopy. Expert opinions are divided on whether endoscopy or barium study should be the initial evaluation in patients with suspected esophageal dysphagia ( Figure  3 ). Endoscopy is virtually always needed in the evaluation of esophageal dysphagia, allows tissue sampling, and, in many cases, is therapeutic, obviating the need for further evaluation. Given that advantage, most US clinicians use endoscopy as the initial diagnostic study. 94 In cases in which the clinical scenario suggests a proximal esophageal lesion (for example, prior neck surgery or radiation or the presence of a Zenker diverticulum), a complex stricture (caustic ingestion or radiation), or achalasia, a barium swallow may be a more sensitive and safer investigation prior to attempting an endoscopy. 95 The sensitivity of a barium study for detecting structural and functional lesions can be further enhanced through a Valsalva maneuver or swallowing a solid bolus such as a marshmallow. 96 Initial barium swallow provides a "road map" for subsequent endoscopy in the subgroup of patients with suspected complicated stricturing. In other cases, it is reasonable to proceed directly to endoscopy. 97 Endoscopy remains the initial study of choice for evaluating cases of odynophagia because it allows the tissue sampling needed to differentiate esophageal neoplastic lesions from infectious, pill-induced, or peptic esophagitis. 98 In an elderly patient with dysphagia and weight loss, endoscopic assessment becomes paramount because malignancy is high as a differential diagnosis.
Esophageal manometry is the gold-standard technique for evaluating esophageal motor dysfunction and is useful for establishing the diagnoses of achalasia and its variants, diffuse esophageal spasm, and ineffective esophageal motility disorder as well as identifying esophageal hypomotility associated with scleroderma and other collagen vascular diseases. [99] [100] [101] Esophageal manometry is also indicated in patients with a nondiagnostic barium swallow and/or upper endoscopy, and esophageal motility abnormalities have been reported in up to 90% of such cases.
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How Should Oropharyngeal Dysphagia in Elderly Patients Be Treated?
VFSS or FEES may readily identify pharyngeal or cricopharyngeal strictures, oropharyngeal neoplasms, posterior hypopharyngeal (Zenker) diverticula, and cervical webs. These mechanical abnormalities may require surgery, dilatation, chemotherapy, radiation therapy, or a combination of these modalities. Esophageal dilatation is usually safe and effective in 75% of cases of benign strictures or webs. 103 Dilatation or cricopharyngeal myotomy (open or endoscopic with or without diverticulectomy of associated Zenker diverticulum) may be helpful in 98% of patients with upper esophageal sphincter dysfunction. [104] [105] [106] Other structural abnormalities include cricopharyngeal bars, cervical osteophytes, or skeletal hyperostoses, and lateral pharyngeal diverticula also may be commonly identified during swallowing evaluation. However, these abnormalities are less convincingly linked to oropharyngeal dysphagia.
Cricopharyngeal bars are found in 5% to 19% of the patients undergoing videofluoroscopy and are controversially linked with dysphagia. They occur with equal frequency in nondysphagic persons, 107 and in an overwhelming majority of dysphagic patients, they are accompanied by other esophageal pathologies that can instigate dysphagia. 108 However, cricopharyngeal bars have been linked to upper esophageal sphincter dysfunction, 109, 110 and in some cases, cricopharyngeal myotomy can relieve the dysphagia. 111 Thus, given the conflicting reports, the pathophysiologic significance of cricopharyngeal bars and the decision to treat should be guided by the particular clinical scenarios. Cervical osteophytes are also common incidental findings seen in 6% to 30% of elderly patients with dysphagia, 112 but only 0.7% of patients with cervical disc disease report dysphagia. 113 Surgery for cervical osteophytes is controversial, 114 associated with complications, 115 and should be reserved for severe cases of dysphagia that have failed conservative treatment. 116 Lateral pharyngeal diverticula are found in up to 50% of asymptomatic patients. 117 Despite sporadic reports of successful surgical ligation, 118 the association with dysphagia is controversial. 117 The resolution of pharyngeal dysfunction with return to the euthyroid state has been reported in thyrotoxicosis. 56 Likewise, immunosuppressive therapy for inflammatory myopathies is associated with improved swallowing function. 119, 120 In contrast to the thyrotoxic and inflammatory myopathies, the management of dysphagia with neuromuscular causes poses a significant challenge in most patients. In this group, the severity of swallowing dysfunction is neither related to the severity of underlying disease nor has specific drug therapy predictably helped swallowing dysfunction. 
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Patients with PD frequently complain of swallowing difficulties (18.5% to 100%). [121] [122] [123] Additionally, more than 50% of the patients who do not report swallowing impairments have impaired swallowing on objective evaluation, 124 and the risk of silent aspiration is a great concern in these patients. 125, 126 The pathophysiology of dysphagia in this group of patients is not yet clear but appears to involve a nondopaminergic pathway, 124, 127 which may explain its relative unresponsiveness to anti-parkinsonian drug therapy. 128 The diagnosis of myasthenia gravis always warrants specific therapy, search for thymoma, and every precaution for preventing myasthenic crisis. However, like in PD, improvement in swallowing dysfunction is less satisfactory than other manifestations of the disease. A recent report indicates that the FEES-Tensilon Test may be a suitable tool in the diagnosis and therapy of myasthenia gravis with pharyngeal muscle weakness. 129 However, these results need to be confirmed through large studies.
What Is the Value of Swallow Rehabilitation in the Elderly?
Most elderly patients with neurogenic dysphagia will require swallowing therapy. During swallow training, 2 parallel courses are often tried, which are having the patient 1.) eat some foods orally while preventing aspiration via compensatory postural techniques, sensory stimuli, voluntary swallow maneuvers, and dietary changes and 2.) exercise to build up strength and coordination to regain full swallowing function without compensation. The effectiveness of different compensatory techniques for a given patient can be assessed during instrumental evaluation. However, little data are available on the longterm effectiveness of various treatment protocols in terms of optimal frequency and duration of treatment.
Five postural techniques (chin-down, chin-up, head turned, head tilted, and lying down) and several postural combinations are currently used for swallow compensation, with reported efficacy in several populations. 130 Each posture has a specific effect in terms of flow of food and relationship of oropharyngeal structures and can provide optimal compensation in patients with specific defects in oropharyngeal swallow. For example, the chin-down posture is well suited in patients with a tongue base disorder, and a reclining posture is useful in patients with bilateral pharyngeal damage or reduced laryngeal elevation. Chemical, thermal, and tactile stimulation through changing the taste, volume, temperature, and carbonation of the food (bolus) and even additional pressure on the tongue with a spoon as food is presented have been effectively used to modulate human swallowing behavior. 131, 132 Recently, taste stimuli, 133 tactile thermal oral stimulation, 134 and pharyngeal electrical stimulation 135 have been shown to modulate swallowing motor pathways, cortical representation of swallowing, and reverse swallowing disability. Like postural techniques, effectiveness of sensory stimuli can be assessed during instrumental evaluation. Some swallow maneuvers such as the supraglottic, super-supraglottic, and effortful swallow and the Mendelsohn maneuver have been used by normal subjects and dysphagic patients to compensate for pharyngeal swallow and are employed in swallow rehabilitation. [136] [137] [138] All of these voluntary maneuvers result in specific changes in pharyngeal swallow, but few studies have examined optimal protocols for treating various types of dysphagic patients in terms of frequency and duration of treatment. Dietary changes, particularly thickened liquid diets, are commonly used to prevent liquid aspiration in patients with oropharyngeal dysphagia. 139 However, results from a recent clinical trial indicate that thickening liquids to various viscosities may not provide greater safety. 140 Several range-of-motion exercises are used to boost pharyngeal swallow. However, the efficacy is not immediate. Each exercise program is focused on a particular component of oropharyngeal swallow and takes several weeks (1 to 6) to be effective. For example, tonguestrengthening exercises are aimed at improving oral and pharyngeal transit times and have been reported to be beneficial in dysphagic patients who have had strokes 141 and in patients who have been treated for head and neck cancer. 142 Likewise, Shaker exercise is aimed at improving hypopharyngeal movement and upper esophageal sphincter opening and has been reported to be effective in preventing aspiration in a small but multi-institutional randomized trial. 143 However, further research is needed to identify the subsets of dysphagic patients who can benefit most from various exercises. 144 
Conclusion
In summary, dysphagia in the elderly is increasingly recognized as an important national healthcare concern with enormous cost. Aging may adversely affect all components of swallowing function. The elderly are at increased risk for development of dysphagia, as illnesses affecting the swallowing mechanism are more common in their population group. Dysphagia evaluation and management are usually a multidisciplinary team effort and are based on careful history, differentiation of oropharyngeal dysphagia from esophageal dysphagia and motor dysphagia from mechanical dysphagia, identifying the underlying cause, ascertaining the degree of risk or presence of silent or overt aspiration, and defining the patient's abilities and impairments and the degree to which the impairments can be improved. There are no standard algorithmic approaches for managing elderly patients with dysphagia; rather, goals and plans are individualized to fit given clinical scenarios. Most patients with oropharyngeal dysphagia would benefit from a swallow rehabilitation program even if the underlying pathology was not amenable to treatment. Physicians should inquire about dysphagia in their elderly patients and exert a heightened awareness of lifealtering diagnoses and disease-guided therapy with the goal of improving patients' symptoms and quality of life.
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